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Alterations in cell to cell adhesion are necessary to enable
the type of cell movements that are associated with
epithelial wound healing and malignant invasion. Several
studies of transformed cells have related epithelial cell
movement to changes in the cell surface expression of
the carbohydrate structures represented by the ABO
blood group antigens and, in particular, by Lewis antigens
and their biosynthetic precursors. To study further the
relationship between cell surface carbohydrates and
keratinocyte cell movement, experimental wounds were
created in human oral mucosa and examined by immuno-
histochemical methods for their expression of selected
cytokeratins (K5, K16, K19), basement membrane com-
ponents (laminin a5 and g2-chains, BP180, collagen IV
and collagen VII), and blood group antigen precursor
structures Lex, sialosyl-Lex, Ley, H antigen, N-acetyllacto-
samine, and sialosyl-T antigen. The changes induced by
wounding in the expression of collagen IV, laminin
Epithelial cells are not usually motile and alterations ofthe normal epithelial phenotype, particularly thoseinfluencing patterns of cell adhesion, may be requiredfor the various types of cell movements that areassociated with wound healing, malignant transformation,
and metastasis (Kohn and Liotta, 1995). It is generally agreed that
an alteration in cell to substrate adhesion is necessary for the
migration of epithelial cells onto or into deep connective tissues,
and several studies have shown functionally correlated changes in
the expression of matrix molecules and integrin-type cell surface
receptors (Gailit and Clark, 1994). Both reparative and invasive
growth of squamous epithelium, however, may also require altered
cell to cell adhesion. The normal differentiation process of oral
mucosal keratinocytes is associated with expression of a precise
sequence of precursor and terminal carbohydrate structures at the
cell surface (Dabelsteen et al, 1991). The functional relationship of
these molecules to epithelial cell movement remains uncertain but
some cell surface carbohydrates can act as ligands for selectins that
form a group of adhesion molecules containing a lectin-like
carbohydrate binding domain (Lowe et al, 1990; Berg et al, 1991),
and changes in epithelial cell surface carbohydrates may in certain
situations be required for cell motility regulation (Miyake and
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g2-chain (laminin-5), and laminin a5-chain were similar
to those found in skin wounds and served to define the
region of epithelial movement. This region was found to
show a marked increase in staining for both Lewis antigen
Y (Ley) and H blood group antigen, and decreased
staining of Lex, thus indicating an upregulation in
wounded epithelium of the fucosyltransferases respons-
ible for the synthesis of the H antigen. The changes in
carbohydrate expression extended beyond the wound
margin into the nonwounded epithelium, a pattern of
expression similar to K16, which was also strongly upreg-
ulated in both the outgrowth and the adjacent non-
wounded epithelium. These findings provide further
support for an influence of such carbohydrate structures
on the migratory behavior of epithelial cells. Key words:
basement membrane/blood group antigens/cytokeratins/
malignancy/oral mucosa/wound healing. J Invest Dermatol
111:592–597, 1998
Hakomori, 1991; Gahmberg et al, 1992; Miyake et al, 1992;
Dabelsteen, 1996; Ichikawa et al, 1997). In neoplastic tissues marked
alterations in the normal patterns of expression of cell surface
carbohydrates are found and seem to be related to tumor behavior
(Muramatsu, 1993; Dabelsteen, 1996; Ichikawa et al, 1997).
The active movement of epithelial cells that occurs during wound
healing is another process that is associated with changes in the
patterns of expression of cell surface carbohydrates and other
adhesion-related macromolecules (Dabelsteen and Fejerskov, 1974;
Mackenzie et al, 1977; Elenius et al, 1991; Larjava et al, 1993).
Comparison of the altered glycosylation patterns of epithelial cells
in healing wounds and in malignancy might therefore provide
additional information about which changes are likely to be
functionally related to increased cell motility. Previous work indicates
that cell surface carbohydrates represented by the ABO blood group
antigens, and particularly the related structure Ley, are likely to be
of functional interest to cell movement and it has been shown that
tumor cell migration in vitro can be inhibited by antibodies to Ley
(Vowden et al, 1986; Dejana et al, 1991; Miyake and Hakomori,
1991; Singhal, 1991; Muramatsu, 1993). The primary aim of this
study was to examine the migrating epithelial cells of experimental
oral wounds for the expression of Ley and its biosynthetically related
carbohydrates; however, as very little information could be found
about the effects of wounding on the expression of other oral
epithelial differentiation markers, we also examined the expression
of cytokeratins and basal lamina components at the wound margin
in order to define the context in which changes in cell surface
carbohydrates occur.
VOL. 111, NO. 4 OCTOBER 1998 CELL SURFACE GLYCOCONJUGATES IN ORAL MUCOSAL WOUNDS 593
Table I. Structure of carbohydrate antigens expessed on
epithelial cells, the antibodies used to detect them, and the
patterns of staining of oral epithelial wounds
Antigen Structure Antibody Reference
and isotype
Ley a Galβ1-4GlcNAcβ1-R AH6 (IgM) Abe et al,
2 3 1983
| |
Fucα1 Fucα1
Ha Galβ1-4GlcNAcβ1-R BE2 (IgM) Young et al,
2 1981
|
Fucα1
Lex b Galβ1-4GlcNAcβ1-R FH3 (IgG3) Fukushi et al,
3 1984
|
Fucα1
N-Acetyl- Galβ1-4GlcNAcβ1-R 1B2 (IgM) Young et al,
lactosamine 1981
Sialosyl NeuAca2-3Galb1-4GlcNAcβ1-R FH6 (IgM) Fukushi et al,
Lex 3 1984
|
Fucα1
Sialosyl GalNAcα1-O-Ser/Thr TKH2 (IgM) Kjeldsen
Tn 6 et al,
| 1988
NeuAca2
aNonsecretors have weak or no expression.
bOnly nonsecretos have strong expression.
MATERIALS AND METHODS
Wounds Standardized oral wounds were made, with informed consent, in
nine healthy young adult volunteers. The primary wounds were shallow but
included the full epithelial thickness. They were made with a 3 mm biopsy
punch either in the buccal mucosa distal to the angle of the mouth or in the
mucosa of the buccal sulcus in the upper canine region, and the samples for
study were collected using a 4 mm biopsy punch to remove the wounded area
together with the surrounding wound margins (Dabelsteen and Fejerskov,
1974). Six specimens were collected at 48 h, and three specimens at 72 h, after
wounding. All specimens were frozen for cryotomy, sectioned at 5 µm, and
air dried.
The patients’ secretor status, which is the ability to secrete blood group
antigens in saliva, was determined as previously described (Dabelsteen, 1972),
as secretor status is known to result in a slightly different pattern of histologic
distribution of the carbohydrates that were investigated (Mandel et al, 1988).
Of the six biopsies collected after 48 h, two were nonsecretors and four were
secretors, and of the three specimens collected after 72 h, two were secretors
and one was a nonsecretor.
Immunohistochemical staining Several sections of each specimen were
stained with hematoxylin and eosin to examine the general histologic appearance
of the healing wounds. Immunohistochemical staining to display cell surface
carbohydrates was performed with the panel of monoclonal antibodies (MoAb)
shown in Table I. This panel included antibodies with specificities for N-acetyl-
lactosamine, Ley, H (type 2 chain), Lex, sialosyl-Lex, and sialosyl-Tn. These
antigens are all precursor structures in the ABO blood group system (Clausen
and Hakomori, 1989).
Cytoskeletal changes in the epithelial outgrowths were evaluated by staining
sections with antibodies against a range of cytokeratins that are variously
expressed in oral mucosae (Morgan et al, 1991; Mackenzie and Gao, 1993).
These included MoAb against K5 and K14, cytokeratins that are typically
expressed by the basal cells of stratifying epithelia; MoAb against K4 and K13,
cytokeratins typically expressed in the suprabasal cells of buccal epithelium;
MoAb against K16, a cytokeratin that is expressed in epidermis only when it
is hyperplastic but is variously expressed in normal mucosal epithelia; MoAb
against cytokeratin K19, which is reported to be present in basal epithelial cells
of some nonkeratinizing oral mucosae and to be expressed in other epithelia as
a result of inflammation (Ouhayoun et al, 1985, 1990; Bosch et al, 1989); and
MoAb against K8 and K18, cytokeratins that are typically expressed only in
simple epithelia but are found in the stratifying junctional epithelium adjacent
to the tooth (Moll et al, 1982, 1989). To assess reformation of basal lamina,
sections were stained with antibodies against laminin α5-chain and γ2-chain
(laminin-5) with pemphigoid serum, and with an antibody against the 180 kd
Table II. Antibodies used to detect cytokeratins and basal
lamina components
Antigen Antibody and isotype Reference
K5 AE14 (IgG) Lynch et al, 1986
K14 LL001 (IgG2a) Purkis et al, 1990
K4 IC7 (IgG2a) van Muijen et al, 1986
K13 AE8 (IgG1) Dhouailly et al, 1989
K16 LL025 (IgG1) Purkis et al, 1990
K8 LE41 (IgG1) Lane et al, 1982
K18 LE61 (IgG1) Lane et al, 1982
K19 2P2K (IgG2a) Stasiak et al, 1989
RCK108 (IgG1) Smedts et al, 1992
Laminin α5-chain 4C7 (IgG2a) Engval et al, 1990
Tiger et al, 1997
Laminin γ2-chain B4–6 (IgG1) Gil et al, 1994
Collagen IV CiV22 (IgG1) Odermatt et al, 1984
Collagen VII LH7.2 (IgG1) Leigh et al, 1987
BP180 rabbit polyclonal Hopkinson et al, 1992
bullous pemphigoid antigen (Hopkinson et al, 1992). The antibodies with
references to their specificity are shown in Table II.
Tissue antigens were detected using double-layer immunohistochemical
staining techniques, as described previously in detail (Mandel et al, 1991).
Primary antibodies were applied overnight at 4°C and fluoroscein isothiocyanate-
or alkaline phosphatase-conjugated rabbit antibodies against mouse, rat, or
human immunoglobulins (DAKO, Copenhagen, Denmark), as appropriate,
were used as the second layer. In order to confirm apparent differences in the
degree of expression of some of the molecules of interest, a double dilution
serial titration was performed with some of the primary antibodies (Dabelsteen,
1972). Sections incubated with fluoroscein isothiocyanate-conjugated second
layer antibodies were mounted in buffered glycerol containing paraphenylenedi-
amine as an anti-fading agent (Johnson and Araujo, 1981), and examined using
a Leitz fluorescence microscope equipped with fluoroscein isothiocyanate
interference filters and a 100 W HBO lamp. Sections incubated with second
layer antibodies conjugated to alkaline phosphatase were histochemically pro-
cessed (Bryne et al, 1991) and mounted in ‘‘Aquamount’’ (Gurr, BDH, U.K.).
Various control reactions for specificity of staining included omission of primary
antibody, staining with mouse monoclonal antibodies of similar isotypes but of
irrelevant specificities to primary antibodies, and substitution of hybridoma
supernatant with supernatant from the Sp2 myeloma cell line used for hybrid-
ization.
RESULTS
The basic histologic pattern of healing was similar for all wounds.
Hematoxylin and eosin stained sections showed that epithelial out-
growths from each of the wound margins passed down into and across
a wound bed that was filled with fibrin and inflammatory cells. In all
specimens the region of junction between the original epithelium at
the wound margin and the newly formed outgrowth of epithelium
could be clearly identified by the position of severed collagen bundles
in the underlying connective tissue. There was some individual variation
in the degree of epithelial outgrowth but the 48 h specimens typically
showed only small outgrowths of epithelial cells (Fig 2C later), whereas
the 72 h specimens formed more extensive outgrowths that covered a
large part of the wound bed (Fig 1).
Distribution of basal lamina components The antibodies against
laminin α5-chain and laminin γ2-chain (laminin-5), against collagens
IV and VII, and against the 180 kDa bullous pemphigoid antigen, all
showed a similar pattern of linear staining of the basal lamina region
beneath the unwounded epithelium (Fig 1). The basement membrane
region beneath the migrating epithelium did not stain with the
antibodies against laminin α5-chain or against collagen IV. Staining of
collagen VII was seen under the epithelial outgrowth except at the
leading edge. Titration of primary antibody showed that the staining
beneath the outgrowth was weaker than beneath the unwounded
epithelium, but a characteristic pattern of positive staining was always
seen in the cytoplasm of all of the basal cells of the outgrowth.
Compared with the normal epithelium, the outgrowth region, and
also the basement membrane region proximal to the wound margin,
appeared to stain more strongly for laminin γ2-chain (laminin-5)
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Figure 1. Adjacent frozen sections of a 3 d wound (from a secretor)
stained with MoAb against various markers. The outgrowth epithelium is
to the right of the arrow that marks the site of the original wound edge. Staining
for keratin 16 (K16) indicated strong induction of expression of this keratin
throughout the full thickness of both the outgrowth epithelium and the
epithelium proximal to the wound margin. Keratin 19 (K19) showed little
change as a result of wounding showing expression in most basal cells and some
scattered suprabasal cells in the normal epithelium, in the epithelium just
proximal to the wound, and also in the epithelial outgrowth. This was the only
specimen to show staining for K19. Linear staining for collagen VII (col VII)
and collagen IV (col IV) was present in the basement membrane region of the
epithelium just proximal to the wound. Staining for collagen IV was absent
from the newly formed interface between the outgrowth epithelium and the
wound bed, whereas antibodies to collagen VII showed a reduced basement
membrane staining in the outgrowth, but a characteristic pattern of positive
cytoplasmic stainings. Staining for laminin γ2-chain (lam γ2) was stronger in
the region beneath the epithelial outgrowth than beneath the normal epithelium
and stronger staining appeared to extend beneath the epithelium proximal to
the wound. Staining for laminin α5-chain (lam α5) showed a similar pattern
to collagen IV. The epithelial outgrowth stained strongly for Ley (Ley) with the
leading margin expressing Ley in all cell strata. Some staining of basal and
parabasal cells of the epithelium proximal to the wound margin was also
apparent. A similar pattern of staining was seen for H (H) antigen with strong
expression on all strata of the leading edge of the outgrowth and on basal and
parabasal of the epithelium proximal to the wound margin (H). Scale bar: 300 µm.
(Fig 1). The antibodies isolated from bullous pemphigoid patients
stained the basement membrane region beneath the unwounded
epithelium, but no staining in the epithelial outgrowth region was
seen with these sera (results not shown); however, the antibodies
specific for the 180 kDa bullous pemphigoid antigen stained beneath
the entire length of the epithelial outgrowth (Fig 2B).
Distribution of cytokeratins The normal epithelium distant from
the wound margins showed a pattern of cytokeratin staining essentially
similar to that previously described for normal buccal mucosa (Bosch
et al, 1989; Morgan et al, 1991). Staining for K5 was mainly restricted
to basal cells but extended through the full epithelial thickness for
Figure 2. Expression of keratin 5 and 13 and bullous pemphigoid
antigen 180 kDa in outgrowth from 3 d wounds (A, B, and D) and of
the carbohydrate Ley in a 2 d wound (C). Lack of expression of keratin 13
in the front of the epithelial outgrowth (A); distribution of keratin 5 on oral
basal cells at the epithelial outgrowth (D). Bullous pemphigoid 180kDa antigen
under epithelial outgrowth (B). Strong expression of Ley in the early wound
healing phase in a nonsecretor individual (C). Arrows, original wound margins;
W, wound cavity. Scale bar: 300 µm.
K14. Although K5 and K14 are both predominantly synthesized in
basal cells according to in situ hybridization data (Stoler et al, 1988),
the K5 protein is reported normally to lose reactivity in the suprabasal
layers (Purkis et al, 1990). The unwounded epithelium showed strong
and uniform suprabasal staining for K4 and K13 and a patchy distribution
of suprabasal cells staining for K16. Staining for K19 was found in
only one biopsy specimen that showed staining of basal and some
parabasal cells of the unwounded epithelium (Fig 1).
The epithelial outgrowths from the wound margins showed a
consistent pattern of changes in keratin expression. As in the normal
epithelium, the epithelium of the outgrowth region showed uniform
staining of the full epithelial thickness for K14, but basal cell staining
for K5 (Fig 2D) was slightly reduced and in some wounds was patchy.
Little staining for K4 and K13 was seen in epithelial outgrowths of
the 2 d specimens, but, except for the leading edge of migrating cells,
the 3 d specimens showed staining of the suprabasal strata of outgrowth
epithelium for K4 and K13 (Fig 2A). Unlike the normal epithelium,
K16 was uniformly present in all cell layers of all regions of the
epithelial outgrowths and expression of K16 also extended back into
the unwounded epithelium proximal to the wound margin (Fig 1).
Only the specimen that showed K19 expression in the normal
epithelium showed any staining for K19 in the outgrowth region; here
a pattern of basal and scattered suprabasal cell staining was seen similar
to that of the unwounded epithelium (Fig 2). No staining for K8 or
K18 was found in either the normal or the outgrowth epithelium of
any of the specimens (staining not shown).
Expression of cell surface carbohydrates In the normal epithelium
distant from the wound there was moderate (secretors) to weak
(nonsecretors) staining with the antibody against Ley, but the epithelial
outgrowths of all specimens were strongly stained (Table I). Titration
of the primary antibody confirmed stronger Ley expression with all
specimens with a greater than three step difference found between
endpoint titers for the outgrowth and unwounded epithelial regions.
Strong expression of Ley on the epithelial outgrowth did not appear
to be influenced by secretor status (Figs 1, 3). A further difference
between normal and outgrowth epithelium was that the weak staining
for Ley that was present in normal epithelium was restricted to spinous
cells, but the leading edge of the epithelial outgrowth showed strong
expression of Ley on cells throughout the full epithelial thickness
(Figs 1, 3).
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Figure 3. A 3 d wound from a nonsecretor
individual stained for the carbohydrates
Lex, H, and Ley. Arrows indicate original
wound margin. Lex is present on nonwounded
spinous cells, but is absent from the
outgrowth, whereas Ley is seen on the
outgrowth and in nonwounded adjacent
epithelium. The synthetic pathway of Ley
involves first the formation of H from a
precursor by the action of H fucosyltransferase
(H-FT), and then the transformation of this
structure to Ley by the action of X
fucosyltransferases, X-FT. If X-FT acts
directly upon the precursor structure, it
synthesizes Lex, a terminal structure that
cannot be further fucosylated. With this
competition between H-FT and X-FT for
common precursor substrates, upregulation of
the expression of H-FT in the presence of
X-FT leads to increased expression of Ley
rather than Lex. Note that the H structure is
expressed only at the original wound margin,
whereas the H structure in the outgrowth is
transformed into Ley, resulting in a negative
staining reaction for both Lex and H. Scale
bar: 300 µm.
In the normal epithelium of secretors, staining for H antigen, the
biosynthetic precursor of Ley, indicated weak expression on small
clusters of parabasal cells overlying the tips of the connective tissue
rete in the normal epithelium (Fig 1); however, in the normal
epithelium of nonsecretors, H was practically absent in normal epithe-
lium (Fig 3). The migrating epithelial outgrowth showed stronger
expression of H antigen and this was variably distributed either on all
of the parabasal cells (secretors) (Fig 3) or only on scattered clusters
of parabasal cells (nonsecretors) (Fig 3). Enhanced expression of H
antigen also extended into the normal epithelium proximal to the
wound margin. The pattern of expression Lex, the monofucosylated
variant of Ley, showed a reciprocal pattern of staining to that for Ley,
with staining present on the spinous cells of the nonwounded epithelium
but absent from the Ley-positive outgrowth (Fig 3). The antibody
against N-acetyllactosamine produced weak staining of the basal cells
of the normal epithelium and no staining of the outgrowth. No staining
of either the normal or the outgrowth epithelium was seen for sialosyl-
Tn or sialosyl-Lex, but the latter antibody stained scattered dendritic
cells in the normal epithelium and inflammatory cells in the wound
bed and outgrowth epithelium.
DISCUSSION
The process of re-epithelialization that leads to the healing of skin and
mucosal wounds is associated with epithelial migration to cover the
wound surface, cell proliferation to generate new cells, and differenti-
ation of newly formed cells to restore normal function (Clark, 1991).
Movement of epithelium into the wound is thought to occur through
a combination of basal cell migration and sliding of the epithelial cell
mass above the migrating basal cells (Krawczyk, 1971; Winter, 1972;
Garlick and Teichman, 1994). For such cellular movements to occur,
it appears that redistribution of the cytoskeleton together with changes
in molecules associated with cell-to-cell and cell-to-matrix adhesion
are required (Paladini et al, 1996; Mackenzie et al, 1977). The changes
that we found to be induced in mucosal epithelium by wounding are
similar to the changes reported for the epidermis adjacent to skin
wounds (O’Guin et al, 1990; Juhatz et al, 1993; Paladini et al, 1996).
During the period of study, the region of junction between the
wounded and nonwounded epithelium was clearly indicated by the
loss of expression of laminin α5-chain and collagen IV, a pattern similar
to that previously reported for early epidermal and mucosal wounds
(Juhatz et al, 1993; Larjava et al, 1993). The antibody 4C7 that was
used in this study was originally thought to react with the laminin α1-
chain, but its specificity has been revised and it is now known to be
specific for the α5-chain (Miner et al, 1997; Tiger et al, 1997).
Expression of laminin γ2-chain (laminin-5) beneath the epithelial
outgrowth from mucosal wounds has previously been noted (Larjava
et al, 1993), and we found that beneath both the epithelial outgrowth
and the epithelium proximal to the wound margin the staining for
laminin γ2-chain (laminin-5) actually appeared to be increased. In
contrast to a previous study, we found positive staining of the outgrowth
for collagen VII except for the leading edge, which was negative
(Larjava et al, 1993). Titration of primary antibody, however, showed
that the staining was weaker in the outgrowth than in unwounded
epithelium. The difference between the present and previously pub-
lished results is probably due to a greater avidity of antibodies used in
this study. The cytoplasmic staining noted in the basal cells of the
outgrowth was interesting and may indicate de novo synthesis of
collagen VII with failure of transport. The epithelial outgrowth also
stained with antibodies specific for the 180 kDa BP antigen, but no
staining was seen with bullous pemphigoid patient sera. Patient sera
typically have high titres against the 230 BP epitope rather than against
180 BP antigens (Pas et al, 1995). The use of diluted bullous pemphigoid
patient sera as in this work will only stain the 230 BP epitope. It
appears therefore that the 180 BP antigen, but not the 230 BP antigen,
is expressed in the outgrowth region.
Wounding resulted in marked alterations in the pattern of expression
of several cytokeratins in mucosal epithelium. In skin wounds, there
is a particularly strong induction of K6 and K16 in basal and suprabasal
cells of both the migrating epithelium and the epithelium adjacent to
the wounded area; the mucosal wounds similarly showed a markedly
stronger expression of K16 in these epithelial regions. It has been
suggested that these changes in K16 are necessary for migration of
keratinocytes and may be associated with a reorganization of keratin
filaments that enables migrating cells to adopt an elongated shape and
develop polarity with respect to the wound site (Paladini et al, 1996).
Another similarity between skin and mucosal wounds was found in
the weaker basal cell expression of K5 in the migrating epithelial
outgrowths; in mucosal wounds, however, K5 expression remained
restricted to the basal cell layer and did not extend into the suprabasal
layers as in skin (Paladini et al, 1996). The normal suprabasal expression
of the K1, K10 pair of cytokeratins that mark normal epidermal
differentiation is reduced in the epidermis adjacent to the margin of
skin wounds. Interestingly, however, by 30 h after wounding, K1 and
K10 (together with K16, K17) are found in basal cells of the migrating
epidermis of skin wounds, an observation that is consistent with a
rolling mechanism of the edge of the epithelial sheet that allows
suprabasal cells to reattach to the wound matrix and reacquire basal
cell functions (Paladini et al, 1996). The K4, K13 pair of cytokeratins
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that mark the buccal mucosal pattern of differentiation did not appear
to respond to wounding in quite the same way. These keratins were
absent from the outgrowths of the 2 d wounds but there was some
re-expression in the suprabasal cells of the epithelial outgrowth of the
3 d wounds. Unlike K16, expression of K4 and K13 was not seen in
the basal cells of the oral wounds.
Basal cell expression of K19 has been reported as the typical pattern
for normal buccal epithelium (Morgan et al, 1987) and the lack of
staining with the MoAb LP2K of all except one of the specimens of
this study with the MoAb LP2K was therefore unexpected. Our
specimens, however, were taken at some distance from the muco-
gingival junction and it may be that in oral mucosa, as in other tissues,
K19 is particularly expressed at regions of junction between differing
epithelial phenotypes (Stasiak et al, 1989). As K19 is induced in some
oral epithelia by inflammation and as its expression may indicate a
labile state of differentiation (Stasiak et al, 1989; Ouhayoun et al, 1990),
the lack of staining for K19 in the migrating epithelium was also
unexpected; however, several specimens were restained with another
MoAb with specificity for K19, RCK108 (Smedts et al, 1992), with
results that confirmed the lack of K19 expression (data not shown).
Previous morphologic studies, and the association of enhanced
expression of laminin γ2-chain (laminin-5) and K16 with cell move-
ment, suggest that active epithelial cell movement occurs both in the
epithelial outgrowth and in a short region of epithelium proximal to
wound margins (Krawczyk, 1971; Paladini et al, 1996). This study
indicates that in the epithelial region showing enhanced expression of
laminin γ2-chain (laminin-5) and K16, there is altered expression of
several cell surface carbohydrates. These findings are in agreement with
earlier human and animal studies. Human oral mucosal epithelium
from blood group A or B individuals normally shows expression of
the histo-blood group A or B antigens on spinous cells but loses
expression after wounding (Dabelsteen and Fejerskov, 1974; Dabelsteen
et al, 1984, 1991; Vedtofte et al, 1984). Similarly, the B-like antigen
expressed in the mucosal epithelia of primates is lost from the epithelial
cells adjacent to wound margins within a few hours of wounding, and
is not regained until epithelial continuity is restored (Mackenzie et al,
1977). Staining tissue sections from this study for A antigen indicated
that all of the secretor donors belonged to blood group A and the
observed loss of staining for A antigen in these epithelial outgrowths
confirmed the previous findings of loss of reactivity adjacent to the
wound (data not shown). This study also included an antibody against
sialosyl-Tn as this antigen is absent from normal epidermis but has
been found to be expressed in hyperproliferative conditions (Dabelsteen
et al, 1990; Griffiths et al, 1996). Although wounding is associated with
increased cell proliferation, no staining for sialosyl-Tn was found.
Epithelial cells are normally tightly adherent, both to themselves
and to the underlying connective tissue, and the changes induced by
wounding presumably alter cell-to-cell adhesion in a way that allows
the cellular movement between cells necessary for migration, whilst
retaining sufficient cohesion to maintain a functional sheet-like tissue.
How the overexpression of H and Ley affects the apparently conflicting
requirements of cell adhesion and cell movement is uncertain, but the
strong upregulation of H and Ley in nonmalignant epithelial cells
migrating over wound beds, and also in the epithelium adjacent to the
wound margin, provides further support for the hypothesis that the
expression of H and Ley is correlated with increased cell motility.
Altered expression of molecules such as E-cadherin and CD44 may
influence tumor adhesion and anti-adhesion (Jothy et al, 1995), but
there is also altered expression of H and Ley structures in a variety of
human tumors (Vowden et al, 1986; Singhal, 1991; Muramatsu, 1993).
Patients with carcinoma of the lung show an inverse correlation
between survival and expression of H and Ley, and it has been suggested
that the expression of these antigens on tumor cells may indicate an
increased potential for tumor invasion and that this is closely associated
with altered cell motility (Miyake et al, 1992). This hypothesis, which
was based on in vitro studies in which cell migration was inhibited by
antibodies to H and Ley (Hellstrcm et al, 1990; Miyake and Hakomori,
1991; Miyake et al, 1992), is supported by the recent demonstration
of enhancement of in vitro motility and in vivo tumoriigenicity of a rat
colon carcinoma cell line by transfection with α(1–2)fucosyltransferase
cDNA (Goupille et al, 1997), resulting in an increase in α(1–2)fucosyl-
transferase activity, a key enzyme for the biosynthesis of H and Ley.
Cell surface carbohydrates are synthesized by a stepwise elongation
of lipid or protein bound carbohydrate chains and the specific glycosyl-
transferases that direct this process are known to be the products of
several series of transferase genes (Mandel et al, 1988; Fukuda, 1994).
As the synthesis of carbohydrate structures requires the presence of
both specific glycosyltransferases and suitable substrates, the expression
of particular carbohydrates is influenced by the presence or absence of
specific enzymes, by a lack of substrate, or by the altered expression
of other enzymes that compete for available substrates. Explanation of
the changes taking place during wound healing therefore requires,
among other things, knowledge of the altered activity of glycosyltransf-
erases in the tissue. The secretor status, which is defined as the ability
to secrete ABH antigens into the saliva, influences not only the
histologic distribution of blood group antigens, but also the distribution
of some of the precursor structures, including the H, Ley, and Lex
antigens (Mandel et al, 1988; Dabelsteen et al, 1991). The ‘‘secretor
gene’’ codes for one of the at least two fucosyltransferases responsible
for the formation of H antigen. Nonsecretors do not express this
enzyme in an active form and therefore express less blood group
antigen H and Ley but more precursor structure Lex in oral mucosa;
however, no major difference between secretors and nonsecretors in
the pattern of carbohydrate expression in the migrating epithelium was
observed in this study. Both groups showed strong expression of both
Ley and H, although in nonwounded epithelium of nonsecretors only
very low levels of Ley and H were expressed (Fig 3). The strong
expression of Lex in nonwounded epithelium of these individuals and
the expression of H in wounded tissue seem to indicate that the activity
of the secretor independent α(1–2) fucosyltransferase is enhanced
in the migrating epithelium. Furthermore, preliminary monoclonal
antibody studies of tissues from individuals positive for blood groups
A or B suggest that their loss of expression of A or B antigens in
wounded epithelium is due to a lack of translation of the blood group
A- or B-coded glycosyltransferase (unpublished observation). The H
antigen is the immediate common precursor for the A, B, and Ley
antigens and this work indicates higher levels of both H and Ley
antigens in wounded epithelium. The increased expression of Ley may
therefore partly be an increased availability of H substrate as a result
of the lack of A transferase. This is of great interest as recent studies
of the correlation between expression H/Ley antigens and tumor
invasives showed that H/Ley positive cell lines became less invasive in
Matrigels when transfected with blood group A and B genes (Ichikawa
et al, 1997). This change seemed to be sustained by α3, α6, and β1
integrin receptors, the activity of which is regulated by H/Ley or A/
B glycosylation. Further work is necessary, however, to determine
how the competitive expression of the different transferases influences
the synthesis of the Ley structure, and the mechanism by which this
influences cell motility.
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